As public perception continues to shape the dairy industry, an understanding of consumer views and purchasing behaviors is critically important. The objectives of this paper are to: 1) summarize consumer perceptions or views of 12 common dairy cattle management practices (humane methods of slaughter, humane transportation, increased pen stall or size, access to pasture, feeding of a GMO-free diet, feeding of an organic diet, feeding of a diet the animal would naturally consume, ability to interact with other animals of the same species, access to fresh water at all times, tail docking, use of antibiotics for sick animals, and dehorning), and 2) analyze relationships between respondent's household demographic characteristics and perceptions of three specific contentious dairy practices, including antibiotic use, tail docking, and dehorning. An online, national survey was used to collect data on household demographics, dairy consumption and purchasing behavior, and perceptions of dairy production practices from 1201 US residents. The findings of this study indicate that 87% of participants consumed dairy products. Of these respondents, 12% had altered their consumption of dairy products over the past three years because of animal welfare concerns and 10% had done so due to food safety concerns. Respondents perceived tail docking and dehorning to have the least beneficial and most negative implications for dairy cattle welfare of the dairy production practices considered.
Introduction
Societal pressures have led the US dairy industry to invest resources into better understanding perceptions and demands of their industry stakeholders. Knowledge about public perceptions of dairy practices is also needed to inform onfarm decision-making, which enhances public trust and allows farmers to maintain their social license to operate [1] . People appear to be particularly attentive to dairy cattle welfare issues compared to those of other livestock species [2] . For example, Wolf et al. [1] found that 63.4% of their respondents (n = 1201) were concerned about dairy cattle welfare. Interest in dairy cattle well-being may be partly because the products derived are often fed to children and possibly, because there is less of a ready association between dairy products and slaughter (than exists for meat production) [3] .
However, clear disconnects are evident between the views of many members of the public and those of the dairy industry relative to the quality of life offered to cows, indicating the need for greater understanding of stakeholders' values, perceptions, and demand for product attributes. "In some cases non-industry groups decry standard industry practices as abusive and call for more humane treatment of animals, while stakeholders within the dairy industry maintain that practices conform to high standards of care. This type of disagreement is likely to be frustrating for both sides and unhelpful in the development and implementation of welfare improvements" [4] . Wolf et al. [1] and McKendree et al. [5] found evidence that demographic factors, such as gender, age, income, and experience with aspects of animal welfare influenced views on livestock animal production processes. Thus, understanding how demographic and other factors potentially influence perceptions of dairy cattle production processes may be important to ensure that dairy farm decision-making is keeping with public expectations.
Given the pressure to address animal welfare concerns and move towards assurance of welfare practices and/or standards for dairy cattle, research efforts have been made to contribute to more economical and efficient ways of meeting societal acceptance of modern dairy farming practices. To this end, many practices have been assessed in past work focused on milk production, including grazing, rBST/rBGH-free production, food safety claims, farm proximity (local production), and antibiotic use [2] [6] . However, consumer perceptions of other production processes employed on US dairy farms, such as dehorning, size of pen space provided to cattle, and interactions with other animals remain unstudied. Many of these practices have become increasingly contentious in popular press and media [7] [8] [9] .
The objectives of this analysis are to: 1) summarize consumer perceptions or views of 12 common dairy cattle management practices, and 2) analyze possible relationships between respondents' household demographic characteristics and perceptions of three contentious dairy practices, specifically antibiotic use, tail docking, and dehorning.
Materials and Methods
An online national survey was used to collect data on household demographics, dairy consumption and purchasing behavior, and perceptions of dairy production practices from 1201 US residents in April 2015. Researchers at Purdue University designed and pre-tested the survey, then facilitated data collection through the Qualtrics online platform. The sample of respondents was obtained through Lightspeed GMI, managers of a large proprietary opt-in panel. In total, 1713 people clicked the link to the survey which was e-mailed to them by Lightspeed GMI. Of those 1713 a total of 1201 people completed the survey, which resulted in a 70% completion rate. The survey was conducted online to facilitate data collection for a national sample and allow randomization of the order of questions and possible responses. Surveys conducted via the Internet are becoming more widespread due to faster completion times and lower costs compared to other approaches to public data collection [2] [5] [10] [11] [12] . Furthermore, internet surveys have been found to not exhibit nonresponse bias [13] . The sample was targeted, through the use of respondent quotas (within the Qualtrics platform), to be representative of US households in terms of gender, age, income, and region of residency.
Demographic information including gender, age, income, education level, and region of residence was collected. Also, respondents were asked if they or someone in their household consumed dairy products. For those respondents that indicated household dairy product consumption, they were also asked if they or a member of their household had altered their dairy consumption over the past three years due to animal welfare/handling concerns and/or food safety concerns.
This study sought to identify respondents' perceptions of humane animal treatment relative to their shopping preferences. In an earlier study, Roberts [14] profiled socially responsible behaviors in consumers, eliciting participant responses through a series of social/ethical statements. For the purposes of this study a dairy cattle specific social/ethical statement was similarly developed to measure respondents' attitudes about social responsibility for animal well-being. The statement developed and studied was "I actively look to purchase milk products which promote welfare-friendly conditions for the livestock animals used to produce them". Survey participants were asked to respond with either "never true", "rarely true", "sometimes true" or "always true". For analysis and presentation of results, participant responses were grouped into two categories, "never or rarely true" and "always or sometimes true".
Respondent perceptions of the effects of common dairy production practices on dairy cattle welfare were the primary focus of this analysis. Respondents were presented with 12 common dairy production practices, and asked to rank on a Likert scale where 1 was extremely negative and 7 was extremely positive, their effects on dairy cattle welfare. The question, as presented to respondents in the survey instrument, is displayed in Table 1 . The production practices studied included: humane methods of slaughter, humane transportation, increased pen Humane methods of slaughter
Ability to interact with other animals of its species
Access to fresh water at all times
Use of antibiotics for sick animals
stall or size, access to pasture, feeding a GMO-free diet, feeding an organic diet, feeding a diet the animal would naturally consume, ability to interact with other cattle (other animals of their same species), access to fresh water at all times, tail docking, use of antibiotics for sick animals, and dehorning. In order to develop categories of perceptions, including negative, neutral, and positive, the seven point Likert scale was aggregated; specifically, Likert scale responses of 1, 2, or 3
were aggregated into negative, responses of 4 were considered neutral, and responses of 5, 6, or 7 were aggregated into the category of positive. Relationships between variables, including demographics, social/ethical behaviors, and perceptions of common dairy production practices on dairy cattle welfare were investigated in this study. Survey responses were summarized and cross-tabulations were created to study the relationships between variables.
Logit models can estimate the impact of exogenous variables on a binary dependent variable. For this study, three separate models were estimated for the dairy cattle management practices of tail docking, use of antibiotics for sick animals, and dehorning. The binary dependent variable was developed using the Likert scale results, with one indicating those who ranked the selected dairy cattle management practice as positive for animal welfare (Likert rank of 5 to 7). All other rankings would be represented by zero.
In the logit models, y* represents a latent variable, or unobserved variable [15] . Using a vector of independent variables X, and assuming e is independently distributed, y* can be estimated as:
The results of the estimation will predict the probability of obtaining the specified outcome for y*. For a binary variable, the probability that y* will equal 1 can be represented by [15] :
( ) Four household consumption statements were included to understand if consumer behavior is reflective of their perceptions of dairy cattle management practices. Each of the four statements was coded and incorporated into the model as a binary variable in which one represented an affirmative response to the statements surrounding whether the household consumed dairy products, consumed dairy products from farms promoting welfare, had made changes to their dairy consumption due to animal welfare concerns (in the past three years), and/or made changes to their dairy consumption due to food safety concerns (in the past three years).
Results and Discussion

Summary Statistics
Summary statistics of respondent (n = 1201) demographics are provided in Table 2 . Fifty-one percent of respondents were female, which is identical to the US Census Bureau figures [17] . The percentage of respondents reporting their age at the time of participation in each of the four age brackets provided were identical to the proportions of the US population in these brackets, according to the US Census [17] . Household incomes were collected in seven categories: less than $25,000 (23% of respondents), $25,000 to $34,999 (10%), $35,000 to $49,000 (14%), $50,000 to $74,999 (18%), $75,000 to $99,999 (12%), $100,000 to $149,999 (13%), and $150,000 or more (10%). The proportion of the sample within each household income category was identical to the proportions of the population in each bracket, as reported by the US Census [17] .
In total, the respondent sample obtained was more educated than the US population, according to the US Census [17] . The majority of participants, 57%, reported holding a higher education degree (highest level received options were trade, associate's, bachelor's, master's, or PhD). The over-education of the sample, relative to the US population, could be in-part due to the survey taking place online, potentially restricting accessibility to residents with ready Internet access, time available online, interest in voluntary participation, ability to read and comprehend the survey, and/or other reasons. With respect to US region of residence, 38% were from the South, 22% from both the Midwest and the West, and 18% from the Northeast. Each region's representation in the sample was identical to regional residences reported in the US population [17] . Participants were also asked if there were children in their households; the majority, 68% of households, did not have children, while the remaining 32% did.
Respondents were asked about their household dairy product consumption. The majority, 87% of respondents, indicated that their household consumed dairy products, while only 6% did not. The remaining 7% did not know about their household dairy consumption, and of this group, 4% indicated being either willing to purchase or consume dairy products while 3% was unwilling to purchase or consume such products.
Those respondents who indicated that they or their household consumed dairy were asked a follow up question about whether they or anyone in their household had altered their consumption of dairy products because of concerns about animal welfare or food safety. Twelve percent of respondents' households reportedly had altered their dairy product consumption in the past three years as a result of animal welfare concerns, while 10% had altered consumption due to food safety concerns. Most (63%) had not altered consumption for either reason, and 11% reported that they did not know if the household had altered consumption.
Perceptions of Dairy Cattle Management Practices
Twelve dairy cattle management practices were investigated in this analysis, namely humane methods of slaughter, humane transportation, increased pen stall or size, access to pasture, feeding of a GMO-free diet, feeding of an organic diet, feeding of a diet the animal would naturally consume, ability to interact with other animals of its species, access to fresh water at all times, tail docking, use of antibiotics for sick animals, and dehorning. Table 1 summarizes responses for each of these 12 cattle management practices as either negative (rank of 1 to 3), neutral (rank of 4), or positive (rank of 5 to 7). In addition, the mean of all responses (using the original 1 to 7 scale) is presented for each practice across all 1201 respondents. With the exception of tail docking and dehorning, over 50% of respondents felt that the practices of focus contributed positively to dairy cattle welfare. More than 30% of respondents felt that tail docking and dehorning contributed negatively to dairy cattle welfare and less than 30% indicated that these practices had positive effects on dairy cows.
For seven of the 12 practices, fewer than 10% of respondents perceived there to be negative implications for dairy cattle welfare. Those practices with more than 10% of respondents reporting negative implications for welfare were feeding of a GMO-free diet, feeding of an organic diet, the use of antibiotics for sick animals, tail docking and dehorning. Given that numerous studies have reported welfare problems, such as pain in cattle as a function of tail docking and dehorning [18] [19] [20] [21] , respondents' views of these as impinging on cow welfare were unsurprising. The views that feeding (GMO-free) diets that are often publicly lauded as safer, healthier or more sustainable [22] , and treating of ill animals with antibiotics negatively impacted cattle welfare were unexpected and difficult to explain. However, it is possible that at least some of these respondents may have been intolerant of any usage of antibiotics in animal production and that some may have been expressing opposition to anti-GMO or pro-organic campaigns.
Explaining Views of Management Practices
From Figure 1 , it is clear that tail docking, antibiotic use, and dehorning were viewed as more detrimental to dairy cattle welfare than the other practices considered. As such, logit estimation was used to examine factors related to the views of these practices where, as a reminder, the dependent variable was one if the practice was positive for cattle welfare and zero if it was negative or neutral.
Two of the three logit models were found to be significant with <0.0001 likelihood ratio Chi 2 test outcomes, for which the hypothesis that the coefficients in each model are zero is rejected ( Table 3) . The model predicting the likelihood that use of antibiotics for sick animals would be seen positively had the lowest likelihood ratio Chi 2 test outcome, but the hypothesis can still be rejected with 95%
confidence. This suggests that while the model is still predictive, other variables may exist that are more predictive than the ones included here. Certainly, with Figure 1 . Summary of respondent perceptions of dairy cattle management practices (n = 1201) 1 . 1 For analysis purposes, responses were aggregated into negative (rank of 1 to 3), neutral (rank of 4), or positive (rank of 5 to 7). respect to overall significance and the significance of individual variables in predicting the stated perceptions surrounding dairy practices, the model for antibiotic use is quite different from the models for perceptions of dehorning or tail docking. Only a single variable investigated (gender of respondent) was significant in predicting the stated welfare perceptions of antibiotic use for dairy cattle.
Across all models, women were less likely to agree that tail docking, use of antibiotics for sick animals, and dehorning had positive impacts on dairy cattle welfare. Being female marginally decreased the likelihood of agreement by 11%, 5%, and 12%, respectively. Belonging to the 25 to 44 age bracket and having a college degree were not significant in any model. However, being 45 to 64 and being over 65 were significant and negative for the models predicting positive perceptions of tail docking and dehorning. Overall findings surrounding age of respondents and likelihood that practices were seen as positive for dairy cattle welfare suggest that being in the older age categories was related to being less likely to see tail docking and dehorning as having a positive impact. Interestingly, consuming dairy products from farms that promote animal welfare was positive and significant to the tail docking and dehorning models. In other words, consuming products from farms that promote animal welfare was associated with reporting that tail docking and dehorning have positive welfare impacts. For tail docking, consuming dairy products from farms that promote animal welfare increased the likelihood of believing tail docking had a positive impact by 13%; for dehorning the likelihood increased by 8%. In contrast, if the households consumed no dairy products at all, the likelihood of perceiving tail docking and dehorning as positive with regard to impacts on cattle welfare decreased by 13% and 12%, respectively.
These results indicate that tail docking and dehorning were practices of concern for many respondents. This finding may be related to the possibility of respondents seeing news coverage on animal welfare issues and undercover videos from dairy farms. For example, the state of California mandated dairy farmers stop tail docking as of January 1, 2010, while the National Milk Producers Federation announced in 2015 that tail docking among their member-farms would end nation-wide on December 31, 2016 [23] .
Antibiotic use is of particular interest in recent years as the Food and Drug Administration has taken steps towards fundamentally changing how medically important antibiotics can be used legally in feed or water for food-producing animals [24] . The Veterinary Feed Directive (VFD) is an important part of the overall plan to ensure the judicious use of medically important antimicrobials in food-animals. Given the importance of antimicrobials discussed in popular media with regard to human health coupled with the recent movements to change how medically important antimicrobials are utilized in animals, the interest in antibiotic use in dairy cows is unsurprising. Awareness of public perceptions about management practices, such as antibiotic use, dehorning, and tail docking, will assist in designing industry policies to maintain the social license to produce as well as access to markets.
Conclusion
The findings of this study indicated that 87% of respondents consumed dairy products. Of these respondents, 12% had altered their consumption of dairy products over the past three years because of animal welfare concerns, and 10% had done so due to food safety concerns. Of the dairy production practices of interest (humane methods of slaughter, humane transportation, increased pen stall or size, access to pasture, feeding of a GMO-free diet, feeding of an organic diet, feeding of a diet the animal would naturally consume, ability to interact with other animals of its species, access to fresh water at all times, tail docking, use of antibiotics for sick animals, and dehorning), respondents perceived tail docking and dehorning to have the least beneficial and most negative implications for cattle welfare. A higher percentage of female than male respondents reported believing that these practices decreased dairy cattle welfare, but there was less consistency in reporting trends of the effects of these practices across age and education brackets. Recognizing how the public perceives dairy production can enable dairy industry leaders to be more responsive to their stakeholders' demands.
